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Subpart F—Air Quality Index
Reporting

§ 58.50 Index reporting.
(a) The State shall report to the gen-

eral public through prominent notice
an air quality index in accordance with
the requirements of appendix G to this
part.

(b) Reporting is required by all Met-
ropolitan Statistical Areas with a pop-
ulation exceeding 350,000.

(c) The population of a Metropolitan
Statistical Area for purposes of index
reporting is the most recent decennial
U.S. census population.

[64 FR 42547, Aug. 4, 1999]

Subpart G—Federal Monitoring

SOURCE: 44 FR 27571, May 10, 1979. Redesig-
nated at 58 FR 8467, Feb. 12, 1993.

§ 58.60 Federal monitoring.
The Administrator may locate and

operate an ambient air monitoring sta-
tion if the State fails to locate, or
schedule to be located, during the ini-
tial network design process or as a re-
sult of the annual review required by
§ 58.20(d):

(a) A SLAMS at a site which is nec-
essary in the judgment of the Regional
Administrator to meet the objectives
defined in appendix D to this part, or

(b) A NAMS at a site which is nec-
essary in the judgment of the Adminis-
trator for meeting EPA national data
needs.

§ 58.61 Monitoring other pollutants.
The Administrator may promulgate

criteria similar to that referenced in
subpart B of this part for monitoring a
pollutant for which a National Ambi-
ent Air Quality Standard does not
exist. Such an action would be taken
whenever the Administrator deter-
mines that a nationwide monitoring
program is necessary to monitor such a
pollutant.

APPENDIX A TO PART 58—QUALITY AS-
SURANCE REQUIREMENTS FOR STATE
AND LOCAL AIR MONITORING STA-
TIONS (SLAMS)

1. General Information.

1.1 This appendix specifies the minimum
quality assurance/quality control (QA/QC) re-
quirements applicable to SLAMS air moni-
toring data submitted to EPA. State and
local agencies are encouraged to develop and
maintain quality assurance programs more
extensive than the required minimum.

1.2 To assure the quality of data from air
monitoring measurements, two distinct and
important interrelated functions must be
performed. One function is the control of the
measurement process through broad quality
assurance activities, such as establishing
policies and procedures, developing data
quality objectives, assigning roles and re-
sponsibilities, conducting oversight and re-
views, and implementing corrective actions.
The other function is the control of the
measurement process through the implemen-
tation of specific quality control procedures,
such as audits, calibrations, checks, rep-
licates, routine self-assessments, etc. In gen-
eral, the greater the control of a given moni-
toring system, the better will be the result-
ing quality of the monitoring data. The re-
sults of quality assurance reviews and as-
sessments indicate whether the control ef-
forts are adequate or need to be improved.

1.3 Documentation of all quality assurance
and quality control efforts implemented dur-
ing the data collection, analysis, and report-
ing phases is important to data users, who
can then consider the impact of these con-
trol efforts on the data quality (see reference
1 of this appendix). Both qualitative and
quantitative assessments of the effectiveness
of these control efforts should identify those
areas most likely to impact the data quality
and to what extent.

1.4 Periodic assessments of SLAMS data
quality are required to be reported to EPA.
To provide national uniformity in this as-
sessment and reporting of data quality for
all SLAMS networks, specific assessment
and reporting procedures are prescribed in
detail in sections 3, 4, and 5 of this appendix.
On the other hand, the selection and extent
of the QA and QC activities used by a moni-
toring agency depend on a number of local
factors such as the field and laboratory con-
ditions, the objectives for monitoring, the
level of the data quality needed, the exper-
tise of assigned personnel, the cost of control
procedures, pollutant concentration levels,
etc. Therefore, the quality system require-
ments, in section 2 of this appendix, are spec-
ified in general terms to allow each State to
develop a quality assurance program that is
most efficient and effective for its own cir-
cumstances while achieving the Ambient Air
Quality Programs data quality objectives.
2. Quality System Requirements.

2.1 Each State and local agency must de-
velop a quality system (reference 2 of this
appendix) to ensure that the monitoring re-
sults:
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(a) Meet a well-defined need, use, or pur-
pose.

(b) Satisfy customers’ expectations.
(c) Comply with applicable standards speci-

fications.
(d) Comply with statutory (and other) re-

quirements of society.
(e) Reflect consideration of cost and eco-

nomics.
(f) Implement a quality assurance program

consisting of policies, procedures, specifica-
tions, standards, and documentation nec-
essary to:

(1) Provide data of adequate quality to
meet monitoring objectives, and

(2) Minimize loss of air quality data due to
malfunctions or out-of-control conditions.
This quality assurance program must be de-
scribed in detail, suitably documented in ac-
cordance with Agency requirements (ref-
erence 4 of this appendix), and approved by
the appropriate Regional Administrator, or
the Regional Administrator’s designee. The
Quality Assurance Program will be reviewed
during the systems audits described in sec-
tion 2.5 of this appendix.

2.2 Primary requirements and guidance
documents for developing the quality assur-
ance program are contained in references 2
through 7 of this appendix, which also con-
tain many suggested and required proce-
dures, checks, and control specifications.
Reference 7 of this appendix describes spe-
cific guidance for the development of a QA
Program for SLAMS. Many specific quality
control checks and specifications for meth-
ods are included in the respective reference
methods described in part 50 of this chapter
or in the respective equivalent method de-
scriptions available from EPA (reference 8 of
this appendix). Similarly, quality control
procedures related to specifically designated
reference and equivalent method analyzers
are contained in the respective operation or
instruction manuals associated with those
analyzers. Quality assurance guidance for
meteorological systems at PAMS is con-
tained in reference 9 of this appendix. Qual-
ity assurance procedures for VOC, NOx (in-
cluding NO and NO2), O3, and carbonyl meas-
urements at PAMS must be consistent with
reference 15 of this appendix. Reference 4 of
this appendix includes requirements for the
development of quality assurance project
plans, and quality assurance and control pro-
grams, and systems audits demonstrating at-
tainment of the requirements.

2.3 Pollutant Concentration and Flow Rate
Standards.

2.3.1 Gaseous pollutant concentration
standards (permeation devices or cylinders
of compressed gas) used to obtain test con-
centrations for CO, SO2, NO, and NO2 must be
traceable to either a National Institute of
Standards and Technology (NIST) NIST-
Traceable Reference Material (NTRM) or a
NIST-certified Gas Manufacturer’s Internal

Standard (GMIS), certified in accordance
with one of the procedures given in reference
10 of this appendix.

2.3.2 Test concentrations for O3 must be ob-
tained in accordance with the UV photo-
metric calibration procedure specified in 40
CFR part 50, appendix D, or by means of a
certified ozone transfer standard. Consult
references 11 and 12 of this appendix for guid-
ance on primary and transfer standards for
O3.

2.3.3 Flow rate measurements must be
made by a flow measuring instrument that is
traceable to an authoritative volume or
other applicable standard. Guidance for cer-
tifying some types of flowmeters is provided
in reference 7 of this appendix.

2.4 National Performance Audit Program
(NPAP). Agencies operating SLAMS are re-
quired to participate in EPA’s NPAP. These
audits are described in reference 7 of this ap-
pendix. For further instructions, agencies
should contact either the appropriate EPA
Regional QA Coordinator at the appropriate
EPA Regional Office location, or the NPAP
Coordinator, Emissions Monitoring and
Analysis Division (MD–14), U.S. Environ-
mental Protection Agency, Research Tri-
angle Park, NC 27711.

2.5 Systems Audit Programs. Systems au-
dits of the ambient air monitoring programs
of agencies operating SLAMS shall be con-
ducted at least every 3 years by the appro-
priate EPA Regional Office. Systems audit
programs are described in reference 7 of this
appendix. For further instructions, agencies
should contact either the appropriate EPA
Regional QA Coordinator or the Systems
Audit QA Coordinator, Office of Air Quality
Planning and Standards, Emissions Moni-
toring and Analysis Division (MD-14), U.S.
Environmental Protection Agency, Research
Triangle Park, NC 27711.
3. Data Quality Assessment Requirements.

3.0.1 All ambient monitoring methods or
analyzers used in SLAMS shall be tested pe-
riodically, as described in this section, to
quantitatively assess the quality of the
SLAMS data. Measurement uncertainty is
estimated for both automated and manual
methods. Terminology associated with meas-
urement uncertainty are found within this
appendix and includes:

(a) Precision. A measurement of mutual
agreement among individual measurements
of the same property usually under pre-
scribed similar conditions, expressed gen-
erally in terms of the standard deviation;

(b) Accuracy. The degree of agreement be-
tween an observed value and an accepted ref-
erence value, accuracy includes a combina-
tion of random error (precision) and system-
atic error (bias) components which are due
to sampling and analytical operations;

(c) Bias. The systematic or persistent dis-
tortion of a measurement process which
causes errors in one direction. The individual
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results of these tests for each method or ana-
lyzer shall be reported to EPA as specified in
section 4 of this appendix. EPA will then cal-
culate quarterly assessments of measure-
ment uncertainty applicable to the SLAMS
data as described in section 5 of this appen-
dix. Data assessment results should be re-
ported to EPA only for methods and ana-
lyzers approved for use in SLAMS moni-
toring under appendix C of this part.

3.0.2 Estimates of the data quality will be
calculated on the basis of single monitors
and reporting organizations and may also be
calculated for each region and for the entire
Nation. A reporting organization is defined
as a State, subordinate organization within a
State, or other organization that is respon-
sible for a set of stations that monitors the
same pollutant and for which data quality
assessments can be pooled. States must de-
fine one or more reporting organizations for
each pollutant such that each monitoring
station in the State SLAMS network is in-
cluded in one, and only one, reporting orga-
nization.

3.0.3 Each reporting organization shall be
defined such that measurement uncertainty
among all stations in the organization can
be expected to be reasonably homogeneous,
as a result of common factors.

(a) Common factors that should be consid-
ered by States in defining reporting organi-
zations include:

(1) Operation by a common team of field
operators.

(2) Common calibration facilities.
(3) Oversight by a common quality assur-

ance organization.
(4) Support by a common laboratory or

headquarters.
(b) Where there is uncertainty in defining

the reporting organizations or in assigning
specific sites to reporting organizations,
States shall consult with the appropriate
EPA Regional Office. All definitions of re-
porting organizations shall be subject to
final approval by the appropriate EPA Re-
gional Office.

3.0.4 Assessment results shall be reported
as specified in section 4 of this appendix.
Table A–1 of this appendix provides a sum-
mary of the minimum data quality assess-
ment requirements, which are described in
more detail in the following sections.

3.1 Precision of Automated Methods Ex-
cluding PM2.5.

3.1.1 Methods for SO2, NO2, O3 and CO. A
one- point precision check must be per-
formed at least once every 2 weeks on each
automated analyzer used to measure SO2,
NO2, O3 and CO. The precision check is made
by challenging the analyzer with a precision
check gas of known concentration (effective
concentration for open path analyzers) be-
tween 0.08 and 0.10 ppm for SO2, NO2, and O3

analyzers, and between 8 and 10 ppm for CO
analyzers. To check the precision of SLAMS

analyzers operating on ranges higher than 0
to 1.0 ppm SO2, NO2, and O3, or 0 to 100 ppm
for CO, use precision check gases of appro-
priately higher concentration as approved by
the appropriate Regional Administrator or
their designee. However, the results of preci-
sion checks at concentration levels other
than those specified above need not be re-
ported to EPA. The standards from which
precision check test concentrations are ob-
tained must meet the specifications of sec-
tion 2.3 of this appendix.

3.1.1.1 Except for certain CO analyzers de-
scribed below, point analyzers must operate
in their normal sampling mode during the
precision check, and the test atmosphere
must pass through all filters, scrubbers, con-
ditioners and other components used during
normal ambient sampling and as much of the
ambient air inlet system as is practicable. If
permitted by the associated operation or in-
struction manual, a CO point analyzer may
be temporarily modified during the precision
check to reduce vent or purge flows, or the
test atmosphere may enter the analyzer at a
point other than the normal sample inlet,
provided that the analyzer’s response is not
likely to be altered by these deviations from
the normal operational mode. If a precision
check is made in conjunction with a zero or
span adjustment, it must be made prior to
such zero or span adjustments. Randomiza-
tion of the precision check with respect to
time of day, day of week, and routine service
and adjustments is encouraged where pos-
sible.

3.1.1.2 Open path analyzers are tested by in-
serting a test cell containing a precision
check gas concentration into the optical
measurement beam of the instrument. If pos-
sible, the normally used transmitter, re-
ceiver, and as appropriate, reflecting devices
should be used during the test, and the nor-
mal monitoring configuration of the instru-
ment should be altered as little as possible
to accommodate the test cell for the test.
However, if permitted by the associated op-
eration or instruction manual, an alternate
local light source or an alternate optical
path that does not include the normal at-
mospheric monitoring path may be used. The
actual concentration of the precision check
gas in the test cell must be selected to
produce an effective concentration in the
range specified in section 3.1.1. Generally,
the precision test concentration measure-
ment will be the sum of the atmospheric pol-
lutant concentration and the precision test
concentration. If so, the result must be cor-
rected to remove the atmospheric concentra-
tion contribution. The corrected concentra-
tion is obtained by subtracting the average
of the atmospheric concentrations measured
by the open path instrument under test im-
mediately before and immediately after the
precision check test from the precision test
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concentration measurement. If the dif-
ference between these before and after meas-
urements is greater than 20 percent of the ef-
fective concentration of the test gas, discard
the test result and repeat the test. If pos-
sible, open path analyzers should be tested
during periods when the atmospheric pollut-
ant concentrations are relatively low and
steady.

3.1.1.3 Report the actual concentration (ef-
fective concentration for open path ana-
lyzers) of the precision check gas and the
corresponding concentration measurement
(corrected concentration, if applicable, for
open path analyzers) indicated by the ana-
lyzer. The percent differences between these
concentrations are used to assess the preci-
sion of the monitoring data as described in
section 5.1. of this appendix.

3.1.2 Methods for Particulate Matter Ex-
cluding PM2.5. A one-point precision check
must be performed at least once every 2
weeks on each automated analyzer used to
measure PM10. The precision check is made
by checking the operational flow rate of the
analyzer. If a precision flow rate check is
made in conjunction with a flow rate adjust-
ment, it must be made prior to such flow
rate adjustment. Randomization of the preci-
sion check with respect to time of day, day
of week, and routine service and adjustments
is encouraged where possible.

3.1.2.1 Standard procedure: Use a flow rate
transfer standard certified in accordance
with section 2.3.3 of this appendix to check
the analyzer’s normal flow rate. Care should
be used in selecting and using the flow rate
measurement device such that it does not
alter the normal operating flow rate of the
analyzer. Report the actual analyzer flow
rate measured by the transfer standard and
the corresponding flow rate measured, indi-
cated, or assumed by the analyzer.

3.1.2.2 Alternative procedure:
3.1.2.2.1 It is permissible to obtain the pre-

cision check flow rate data from the ana-
lyzer’s internal flow meter without the use
of an external flow rate transfer standard,
provided that:

3.1.2.2.1.1 The flow meter is audited with an
external flow rate transfer standard at least
every 6 months.

3.1.2.2.1.2 Records of at least the three most
recent flow audits of the instrument’s inter-
nal flow meter over at least several weeks
confirm that the flow meter is stable,
verifiable and accurate to ±4%.

3.1.2.2.1.3 The instrument and flow meter
give no indication of improper operation.

3.1.2.2.2 With suitable communication ca-
pability, the precision check may thus be
carried out remotely. For this procedure, re-
port the set-point flow rate as the actual
flow rate along with the flow rate measured
or indicated by the analyzer flow meter.

3.1.2.2.3 For either procedure, the percent
differences between the actual and indicated

flow rates are used to assess the precision of
the monitoring data as described in section
5.1 of this appendix (using flow rates in lieu
of concentrations). The percent differences
between these concentrations are used to as-
sess the precision of the monitoring data as
described in section 5.1. of this appendix.

3.2 Accuracy of Automated Methods Ex-
cluding PM2.5.

3.2.1 Methods for SO2, NO2, O3, or CO.
3.2.1.1 Each calendar quarter (during which

analyzers are operated), audit at least 25 per-
cent of the SLAMS analyzers that monitor
for SO2, NO2, O3, or CO such that each ana-
lyzer is audited at least once per year. If
there are fewer than four analyzers for a pol-
lutant within a reporting organization, ran-
domly reaudit one or more analyzers so that
at least one analyzer for that pollutant is
audited each calendar quarter. Where pos-
sible, EPA strongly encourages more fre-
quent auditing, up to an audit frequency of
once per quarter for each SLAMS analyzer.

3.2.1.2 (a) The audit is made by challenging
the analyzer with at least one audit gas of
known concentration (effective concentra-
tion for open path analyzers) from each of
the following ranges applicable to the ana-
lyzer being audited:

Audit Level
Concentration Range, PPM

SO2, O3 NO2 CO

1 ......................... 0.03–0.08 0.03–0.08 3–8
2 ......................... 0.15–0.20 0.15–0.20 15–20
3 ......................... 0.35–0.45 0.35–0.45 35–45
4 ......................... 0.80–0.90 .................... 80–90

(b) NO2 audit gas for chemiluminescence-
type NO2 analyzers must also contain at
least 0.08 ppm NO.

3.2.1.3 NO concentrations substantially
higher than 0.08 ppm, as may occur when
using some gas phase titration (GPT) tech-
niques, may lead to audit errors in
chemiluminescence analyzers due to inevi-
table minor NO-NOx channel imbalance.
Such errors may be atypical of routine moni-
toring errors to the extent that such NO con-
centrations exceed typical ambient NO con-
centrations at the site. These errors may be
minimized by modifying the GPT technique
to lower the NO concentrations remaining in
the NO2 audit gas to levels closer to typical
ambient NO concentrations at the site.

3.2.1.4 To audit SLAMS analyzers oper-
ating on ranges higher than 0 to 1.0 ppm for
SO2, NO2, and O3 or 0 to 100 ppm for CO, use
audit gases of appropriately higher con-
centration as approved by the appropriate
Regional Administrator or the
Administrators’s designee. The results of au-
dits at concentration levels other than those
shown in the above table need not be re-
ported to EPA.

3.2.1.5 The standards from which audit gas
test concentrations are obtained must meet

VerDate 11<MAY>2000 07:59 Jul 18, 2001 Jkt 194141 PO 00000 Frm 00221 Fmt 8010 Sfmt 8002 Y:\SGML\194141T.XXX pfrm12 PsN: 194141T



222

40 CFR Ch. I (7–1–01 Edition)Pt. 58, App. A

the specifications of section 2.3 of this appen-
dix. The gas standards and equipment used
for auditing must not be the same as the
standards and equipment used for calibration
or calibration span adjustments. The auditor
should not be the operator or analyst who
conducts the routine monitoring, calibra-
tion, and analysis.

3.2.1.6 For point analyzers, the audit shall
be carried out by allowing the analyzer to
analyze the audit test atmosphere in its nor-
mal sampling mode such that the test at-
mosphere passes through all filters, scrub-
bers, conditioners, and other sample inlet
components used during normal ambient
sampling and as much of the ambient air
inlet system as is practicable. The exception
provided in section 3.1 of this appendix for
certain CO analyzers does not apply for au-
dits.

3.2.1.7 Open path analyzers are audited by
inserting a test cell containing the various
audit gas concentrations into the optical
measurement beam of the instrument. If pos-
sible, the normally used transmitter, re-
ceiver, and, as appropriate, reflecting devices
should be used during the audit, and the nor-
mal monitoring configuration of the instru-
ment should be modified as little as possible
to accommodate the test cell for the audit.
However, if permitted by the associated op-
eration or instruction manual, an alternate
local light source or an alternate optical
path that does not include the normal at-
mospheric monitoring path may be used. The
actual concentrations of the audit gas in the
test cell must be selected to produce effec-
tive concentrations in the ranges specified in
this section 3.2 of this appendix. Generally,
each audit concentration measurement re-
sult will be the sum of the atmospheric pol-
lutant concentration and the audit test con-
centration. If so, the result must be cor-
rected to remove the atmospheric concentra-
tion contribution. The corrected concentra-
tion is obtained by subtracting the average
of the atmospheric concentrations measured
by the open path instrument under test im-
mediately before and immediately after the
audit test (or preferably before and after
each audit concentration level) from the
audit concentration measurement. If the dif-
ference between the before and after meas-
urements is greater than 20 percent of the ef-
fective concentration of the test gas stand-
ard, discard the test result for that con-
centration level and repeat the test for that
level. If possible, open path analyzers should
be audited during periods when the atmos-
pheric pollutant concentrations are rel-
atively low and steady. Also, the monitoring
path length must be reverified to within ±3
percent to validate the audit, since the mon-
itoring path length is critical to the deter-
mination of the effective concentration.

3.2.1.8 Report both the actual concentra-
tions (effective concentrations for open path

analyzers) of the audit gases and the cor-
responding concentration measurements
(corrected concentrations, if applicable, for
open path analyzers) indicated or produced
by the analyzer being tested. The percent
differences between these concentrations are
used to assess the accuracy of the moni-
toring data as described in section 5.2 of this
appendix.

3.2.2 Methods for Particulate Matter Ex-
cluding PM2.5.

3.2.2.1 Each calendar quarter, audit the
flow rate of at least 25 percent of the SLAMS
PM10 analyzers such that each PM10 analyzer
is audited at least once per year. If there are
fewer than four PM10 analyzers within a re-
porting organization, randomly re-audit one
or more analyzers so that at least one ana-
lyzer is audited each calendar quarter. Where
possible, EPA strongly encourages more fre-
quent auditing, up to an audit frequency of
once per quarter for each SLAMS analyzer.

3.2.2.2 The audit is made by measuring the
analyzer’s normal operating flow rate, using
a flow rate transfer standard certified in ac-
cordance with section 2.3.3 of this appendix.
The flow rate standard used for auditing
must not be the same flow rate standard
used to calibrate the analyzer. However,
both the calibration standard and the audit
standard may be referenced to the same pri-
mary flow rate or volume standard. Great
care must be used in auditing the flow rate
to be certain that the flow measurement de-
vice does not alter the normal operating flow
rate of the analyzer. Report the audit (ac-
tual) flow rate and the corresponding flow
rate indicated or assumed by the sampler.
The percent differences between these flow
rates are used to calculate accuracy (PM10)
as described in section 5.2 of this appendix.

3.3 Precision of Manual Methods Excluding
PM2.5.

3.3.1 For each network of manual methods
other than for PM2.5, select one or more mon-
itoring sites within the reporting organiza-
tion for duplicate, collocated sampling as
follows: for 1 to 5 sites, select 1 site; for 6 to
20 sites, select 2 sites; and for over 20 sites,
select 3 sites. Where possible, additional col-
located sampling is encouraged. For purposes
of precision assessment, networks for meas-
uring TSP and PM10 shall be considered sepa-
rately from one another. PM10 and TSP sites
having annual mean particulate matter con-
centrations among the highest 25 percent of
the annual mean concentrations for all the
sites in the network must be selected or, if
such sites are impractical, alternative sites
approved by the Regional Administrator
may be selected.

3.3.2 In determining the number of collo-
cated sites required for PM10, monitoring
networks for lead should be treated inde-
pendently from networks for particulate
matter, even though the separate networks
may share one or more common samplers.
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However, a single pair of samplers collocated
at a common-sampler monitoring site that
meets the requirements for both a collocated
lead site and a collocated particulate matter
site may serve as a collocated site for both
networks.

3.3.3 The two collocated samplers must be
within 4 meters of each other, and particu-
late matter samplers must be at least 2 me-
ters apart to preclude airflow interference.
Calibration, sampling, and analysis must be
the same for both collocated samplers and
the same as for all other samplers in the net-
work.

3.3.4 For each pair of collocated samplers,
designate one sampler as the primary sam-
pler whose samples will be used to report air
quality for the site, and designate the other
as the duplicate sampler. Each duplicate
sampler must be operated concurrently with
its associated routine sampler at least once
per week. The operation schedule should be
selected so that the sampling days are dis-
tributed evenly over the year and over the
seven days of the week. A six-day sampling
schedule is required. Report the measure-
ments from both samplers at each collocated
sampling site. The calculations for evalu-
ating precision between the two collocated
samplers are described in section 5.3 of this
appendix.

3.4 Accuracy of Manual Methods Excluding
PM2.5. The accuracy of manual sampling
methods is assessed by auditing a portion of
the measurement process.

3.4.1 Procedures for PM10 and TSP.
3.4.1.1 Procedures for flow rate audits for

PM10. Each calendar quarter, audit the flow
rate of at least 25 percent of the PM10 sam-
plers such that each PM10 sampler is audited
at least once per year. If there are fewer
than four PM10 samplers within a reporting
organization, randomly reaudit one or more
samplers so that one sampler is audited each
calendar quarter. Audit each sampler at its
normal operating flow rate, using a flow rate
transfer standard certified in accordance
with section 2.3.3 of this appendix. The flow
rate standard used for auditing must not be
the same flow rate standard used to calibrate
the sampler. However, both the calibration
standard and the audit standard may be ref-
erenced to the same primary flow rate stand-
ard. The flow audit should be scheduled so as
to avoid interference with a scheduled sam-
pling period. Report the audit (actual) flow
rate and the corresponding flow rate indi-
cated by the sampler’s normally used flow
indicator. The percent differences between
these flow rates are used to calculate accu-
racy and bias as described in section 5.4.1 of
this appendix.

3.4.1.2 Great care must be used in auditing
high-volume particulate matter samplers
having flow regulators because the introduc-
tion of resistance plates in the audit flow
standard device can cause abnormal flow

patterns at the point of flow sensing. For
this reason, the flow audit standard should
be used with a normal filter in place and
without resistance plates in auditing flow-
regulated high-volume samplers, or other
steps should be taken to assure that flow
patterns are not perturbed at the point of
flow sensing.

3.4.2 SO2 Methods.
3.4.2.1 Prepare audit solutions from a work-

ing sulfite-tetrachloromercurate (TCM) solu-
tion as described in section 10.2 of the SO2

Reference Method (40 CFR part 50, appendix
A). These audit samples must be prepared
independently from the standardized sulfite
solutions used in the routine calibration pro-
cedure. Sulfite-TCM audit samples must be
stored between 0 and 5 °C and expire 30 days
after preparation.

3.4.2.2 Prepare audit samples in each of the
concentration ranges of 0.2-0.3, 0.5-0.6, and
0.8-0.9 µg SO2/ml. Analyze an audit sample in
each of the three ranges at least once each
day that samples are analyzed and at least
twice per calendar quarter. Report the audit
concentrations (in µg SO2/ml) and the cor-
responding indicated concentrations (in µg
SO2/ml). The percent differences between
these concentrations are used to calculate
accuracy as described in section 5.4.2 of this
appendix.

3.4.3 NO2 Methods. Prepare audit solutions
from a working sodium nitrite solution as
described in the appropriate equivalent
method (see reference 8 of this appendix).
These audit samples must be prepared inde-
pendently from the standardized nitrite solu-
tions used in the routine calibration proce-
dure. Sodium nitrite audit samples expire in
3 months after preparation. Prepare audit
samples in each of the concentration ranges
of 0.2-0.3, 0.5-0.6, and 0.8-0.9 µg NO2/ml. Ana-
lyze an audit sample in each of the three
ranges at least once each day that samples
are analyzed and at least twice per calendar
quarter. Report the audit concentrations (in
µg NO2/ml) and the corresponding indicated
concentrations (in µg NO2/ml). The percent
differences between these concentrations are
used to calculate accuracy as described in
section 5.4.2 of this appendix.

3.4.4 Pb Methods.
3.4.4.1 For the Pb Reference Method (40

CFR part 50, appendix G), the flow rates of
the high-volume Pb samplers shall be au-
dited as part of the TSP network using the
same procedures described in section 3.4.1 of
this appendix. For agencies operating both
TSP and Pb networks, 25 percent of the total
number of high-volume samplers are to be
audited each quarter.

3.4.4.2 Each calendar quarter, audit the Pb
Reference Method analytical procedure using
glass fiber filter strips containing a known
quantity of Pb. These audit sample strips are
prepared by depositing a Pb solution on un-
exposed glass fiber filter strips of dimensions
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1.9 cm by 20.3 cm (3/4 inch by 8 inch) and al-
lowing them to dry thoroughly. The audit
samples must be prepared using batches of
reagents different from those used to cali-
brate the Pb analytical equipment being au-
dited. Prepare audit samples in the following
concentration ranges:

Range Pb Concentra-
tion, µg/Strip

Equivalent Ambi-
ent Pb Con-

centration, µg/
m3 1

1 ................................. 100–300 0.5–1.5
2 ................................. 600–1000 3.0–5.0

1 Equivalent ambient Pb concentration in µg/m3 is based on
sampling at 1.7 m3/min for 24 hours on a 20.3 cm×25.4 cm (8
inch×10 inch) glass fiber filter.

3.4.4.3 Audit samples must be extracted
using the same extraction procedure used for
exposed filters.

3.4.4.4 Analyze three audit samples in each
of the two ranges each quarter samples are
analyzed. The audit sample analyses shall be
distributed as much as possible over the en-
tire calendar quarter. Report the audit con-
centrations (in µg Pb/strip) and the cor-
responding measured concentrations (in µg
Pb/strip) using unit code 77. The percent dif-
ferences between the concentrations are used
to calculate analytical accuracy as described
in section 5.4.2 of this appendix.

3.4.4.5 The accuracy of an equivalent Pb
method is assessed in the same manner as for
the reference method. The flow auditing de-
vice and Pb analysis audit samples must be
compatible with the specific requirements of
the equivalent method.

3.5 Measurement Uncertainty for Auto-
mated and Manual PM2.5 Methods. The goal
for acceptable measurement uncertainty has
been defined as 10 percent coefficient of vari-
ation (CV) for total precision and ± 10 per-
cent for total bias (reference 14 of this appen-
dix).

3.5.1 Flow Rate Audits.
3.5.1.1 Automated methods for PM2.5. A

one-point precision check must be performed
at least once every 2 weeks on each auto-
mated analyzer used to measure PM2.5. The
precision check is made by checking the
operational flow rate of the analyzer. If a
precision flow rate check is made in conjunc-
tion with a flow rate adjustment, it must be
made prior to such flow rate adjustment.
Randomization of the precision check with
respect to time of day, day of week, and rou-
tine service and adjustments is encouraged
where possible.

3.5.1.1.1 Standard procedure: Use a flow
rate transfer standard certified in accord-
ance with section 2.3.3 of this appendix to
check the analyzer’s normal flow rate. Care
should be used in selecting and using the
flow rate measurement device such that it
does not alter the normal operating flow rate
of the analyzer. Report the actual analyzer
flow rate measured by the transfer standard

and the corresponding flow rate measured,
indicated, or assumed by the analyzer.

3.5.1.1.2 Alternative procedure: It is permis-
sible to obtain the precision check flow rate
data from the analyzer’s internal flow meter
without the use of an external flow rate
transfer standard, provided that the flow
meter is audited with an external flow rate
transfer standard at least every 6 months;
records of at least the three most recent flow
audits of the instrument’s internal flow
meter over at least several weeks confirm
that the flow meter is stable, verifiable and
accurate to ±4%; and the instrument and
flow meter give no indication of improper
operation. With suitable communication ca-
pability, the precision check may thus be
carried out remotely. For this procedure, re-
port the set-point flow rate as the actual
flow rate along with the flow rate measured
or indicated by the analyzer flow meter.

3.5.1.1.3 For either procedure, the dif-
ferences between the actual and indicated
flow rates are used to assess the precision of
the monitoring data as described in section
5.5 of this appendix.

3.5.1.2 Manual methods for PM2.5. Each cal-
endar quarter, audit the flow rate of each
SLAMS PM2.5 analyzer. The audit is made by
measuring the analyzer’s normal operating
flow rate, using a flow rate transfer standard
certified in accordance with section 2.3.3 of
this appendix. The flow rate standard used
for auditing must not be the same flow rate
standard used to calibrate the analyzer.
However, both the calibration standard and
the audit standard may be referenced to the
same primary flow rate or volume standard.
Great care must be used in auditing the flow
rate to be certain that the flow measurement
device does not alter the normal operating
flow rate of the analyzer. Report the audit
(actual) flow rate and the corresponding flow
rate indicated or assumed by the sampler.
The procedures used to calculate measure-
ment uncertainty PM2.5 are described in sec-
tion 5.5 of this appendix.

3.5.2 Measurement of Precision using Collo-
cated Procedures for Automated and Manual
Methods of PM2.5.

(a) For PM2.5 sites within a reporting orga-
nization each EPA designated Federal ref-
erence method (FRM) or Federal equivalent
method (FEM) must:

(1) Have 25 percent of the monitors collo-
cated (values of .5 and greater round up).

(2) Have at least 1 collocated monitor (if
the total number of monitors is less than 4).
The first collocated monitor must be a des-
ignated FRM monitor.

(b) In addition, monitors selected must
also meet the following requirements:

(1) A monitor designated as an EPA FRM
shall be collocated with a monitor having
the same EPA FRM designation.

(2) For each monitor designated as an EPA
FEM, 50 percent of the designated monitors
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shall be collocated with a monitor having
the same method designation and 50 percent
of the monitors shall be collocated with an
FRM monitor. If there are an odd number of
collocated monitors required, the additional
monitor shall be an FRM. An example of this
procedure is found in table A–2 of this appen-
dix.

(c) For PM2.5 sites during the initial de-
ployment of the SLAMS network, special
emphasis should be placed on those sites in
areas likely to be in violation of the NAAQS.
Once areas are initially determined to be in
violation, the collocated monitors should be
deployed according to the following protocol:

(1) Eighty percent of the collocated mon-
itors should be deployed at sites with con-
centrations ≥ ninety percent of the annual
PM2.5 NAAQS (or 24-hour NAAQS if that is
affecting the area); one hundred percent if
all sites have concentrations above either
NAAQS, and each area determined to be in
violation should be represented by at least
one collocated monitor.

(2) The remaining 20 percent of the collo-
cated monitors should be deployed at sites
with concentrations < ninety percent of the
annual PM2.5 NAAQS (or 24-hour NAAQS if
that is affecting the area)

(3) If an organization has no sites at con-
centration ranges ≥ ninety percent of the an-
nual PM2.5 NAAQS (or 24-hour NAAQS if that
is affecting the area), 60 percent of the collo-
cated monitors should be deployed at those
sites with the annual mean PM2.5 concentra-
tions (or 24-hour NAAQS if that is affecting
the area) among the highest 25 percent for
all PM2.5 sites in the network.

3.5.2.1 In determining the number of collo-
cated sites required for PM2.5, monitoring
networks for visibility should not be treated
independently from networks for particulate
matter, as the separate networks may share
one or more common samplers. However, for
class I visibility areas, EPA will accept visi-
bility aerosol mass measurement instead of a
PM2.5 measurement if the latter measure-
ment is unavailable. Any PM2.5 monitoring
site which does not have a monitor which is
an EPA federal reference or equivalent
method is not required to be included in the
number of sites which are used to determine
the number of collocated monitors.

3.5.2.2 The two collocated samples must be
within 4 meters of each other, and particu-
late matter samplers must be at least 2 me-
ters apart (1 meter apart for samplers having
flow rates less than 200 liters/min.) to pre-
clude airflow interference. Calibration, sam-
pling, and analysis must be the same for
both collocated samplers and the same as for
all other samplers in the network.

3.5.2.3 For each pair of collocated samplers,
designate one sampler as the primary sam-
pler whose samples will be used to report air
quality for the site, and designate the other
as the duplicate sampler. Each duplicate

sampler must be operated concurrently with
its associated primary sampler. The oper-
ation schedule should be selected so that the
sampling days are distributed evenly over
the year and over the 7 days of the week and
therefore, a 6-day sampling schedule is re-
quired. Report the measurements from both
samplers at each collocated sampling site.
The calculations for evaluating precision be-
tween the two collocated samplers are de-
scribed in section 5.5 of this appendix.

3.5.3 Measurement of Bias using the FRM
Audit Procedures for Automated and Manual
Methods of PM2.5.

3.5.3.1 The FRM audit is an independent as-
sessment of the total measurement system
bias. These audits will be performed under
the National Performance Audit Program
(section 2.4 of this appendix) or a comparable
program. Twenty-five percent of the SLAMS
monitors within each reporting organization
will be assessed with an FRM audit each
year. Additionally, every designated FRM or
FEM within a reporting organization must:

(a) Have at least 25 percent of each method
designation audited, including collocated
sites (even those collocated with FRM in-
struments), (values of .5 and greater round
up).

(b) Have at least one monitor audited.
(c) Be audited at a frequency of four audits

per year.
(d) Have all FRM or FEM samplers subject

to an FRM audit at least once every 4 years.
Table A–2 illustrates the procedure men-
tioned above.

3.5.3.2 For PM2.5 sites during the initial de-
ployment of the SLAMS network, special
emphasis should be placed on those sites in
areas likely to be in violation of the NAAQS.
Once areas are initially determined to be in
violation, the FRM audit program should be
implemented according to the following pro-
tocol:

(a) Eighty percent of the FRM audits
should be deployed at sites with concentra-
tions ≥ ninety percent of the annual PM2.5

NAAQS (or 24-hour NAAQS if that is affect-
ing the area); one hundred percent if all sites
have concentrations above either NAAQS,
and each area determined to be in violation
should implement an FRM audit at a min-
imum of one monitor within that area.

(b) The remaining 20 percent of the FRM
audits should be implemented at sites with
concentrations < ninety percent of the an-
nual PM2.5 NAAQS (or 24-hour NAAQS if that
is affecting the area).

(c) If an organization has no sites at con-
centration ranges ≥ ninety percent of the an-
nual PM2.5 NAAQS (or 24-hour NAAQS if that
is affecting the area), 60 percent of the FRM
audits should be implemented at those sites
with the annual mean PM2.5 concentrations
(or 24-hour NAAQS if that is affecting the
area) among the highest 25 percent for all
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PM2.5 sites in the network. Additional infor-
mation concerning the FRM audit program
is contained in reference 7 of this appendix.
The calculations for evaluating bias between
the primary monitor and the FRM audit are
described in section 5.5.
4. Reporting Requirements.

(a) For each pollutant, prepare a list of all
monitoring sites and their AIRS site identi-
fication codes in each reporting organization
and submit the list to the appropriate EPA
Regional Office, with a copy to AIRS-AQS.
Whenever there is a change in this list of
monitoring sites in a reporting organization,
report this change to the Regional Office and
to AIRS-AQS.

4.1 Quarterly Reports. For each quarter,
each reporting organization shall report to
AIRS-AQS directly (or via the appropriate
EPA Regional Office for organizations not
direct users of AIRS) the results of all valid
precision, bias and accuracy tests it has car-
ried out during the quarter. The quarterly
reports of precision, bias and accuracy data
must be submitted consistent with the data
reporting requirements specified for air qual-
ity data as set forth in § 58.35(c). EPA strong-
ly encourages early submittal of the QA data
in order to assist the State and Local agen-
cies in controlling and evaluating the qual-
ity of the ambient air SLAMS data. Each or-
ganization shall report all QA/QC measure-
ments. Report results from invalid tests,
from tests carried out during a time period
for which ambient data immediately prior or
subsequent to the tests were invalidated for
appropriate reasons, and from tests of meth-
ods or analyzers not approved for use in
SLAMS monitoring networks under appendix
C of this part. Such data should be flagged so
that it will not be utilized for quantitative
assessment of precision, bias and accuracy.

4.2 Annual Reports.
4.2.1 When precision, bias and accuracy es-

timates for a reporting organization have
been calculated for all four quarters of the
calendar year, EPA will calculate and report
the measurement uncertainty for the entire
calendar year. These limits will then be asso-
ciated with the data submitted in the annual
SLAMS report required by § 58.26.

4.2.2 Each reporting organization shall sub-
mit, along with its annual SLAMS report, a
listing by pollutant of all monitoring sites in
the reporting organization.
5. Calculations for Data Quality Assessment.

(a) Calculations of measurement uncer-
tainty are carried out by EPA according to
the following procedures. Reporting organi-
zations should report the data for individual
precision, bias and accuracy tests as speci-
fied in sections 3 and 4 of this appendix even
though they may elect to perform some or
all of the calculations in this section on
their own.

5.1 Precision of Automated Methods Ex-
cluding PM2.5. Estimates of the precision of

automated methods are calculated from the
results of biweekly precision checks as speci-
fied in section 3.1 of this appendix. At the
end of each calendar quarter, an integrated
precision probability interval for all SLAMS
analyzers in the organization is calculated
for each pollutant.

5.1.1 Single Analyzer Precision.
5.1.1.1 The percent difference (di) for each

precision check is calculated using equation
1, where Yi is the concentration indicated by
the analyzer for the I-th precision check and
Xi is the known concentration for the I-th
precision check, as follows:

Equation 1

d
Y X

Xi
i i
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× 100

5.1.1.2 For each analyzer, the quarterly av-
erage (dj) is calculated with equation 2, and
the standard deviation (Sj) with equation 3,
where n is the number of precision checks on
the instrument made during the calendar
quarter. For example, n should be 6 or 7 if
precision checks are made biweekly during a
quarter. Equation 2 and 3 follow:

Equation 2
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5.1.2 Precision for Reporting Organization.
5.1.2.1 For each pollutant, the average of

averages (D) and the pooled standard devi-
ation (Sa) are calculated for all analyzers au-
dited for the pollutant during the quarter,
using either equations 4 and 5 or 4a and 5a,
where k is the number of analyzers audited
within the reporting organization for a sin-
gle pollutant, as follows:

Equation 4
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Equation 5
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5.1.2.2 Equations 4 and 5 are used when the
same number of precision checks are made
for each analyzer. Equations 4a and 5a are
used to obtain a weighted average and a
weighted standard deviation when different
numbers of precision checks are made for the
analyzers.

5.1.2.3 For each pollutant, the 95 Percent
Probability Limits for the precision of a re-
porting organization are calculated using
equations 6 and 7, as follows:

Equation 6

Upper 95 Percent Probability

      Limit = D +1.96 Sa

Equation 7

Lower 95 Percent Probability

      Limit = D -1.96 Sa

5.2 Accuracy of Automated Methods Ex-
cluding PM2.5. Estimates of the accuracy of
automated methods are calculated from the
results of independent audits as described in
section 3.2 of this appendix. At the end of
each calendar quarter, an integrated accu-
racy probability interval for all SLAMS ana-
lyzers audited in the reporting organization
is calculated for each pollutant. Separate
probability limits are calculated for each
audit concentration level in section 3.2 of
this appendix.

5.2.1 Single Analyzer Accuracy. The per-
centage difference (di) for each audit con-
centration is calculated using equation 1,
where Yi is the analyzer’s indicated con-
centration measurement from the I-th audit
check and Xi is the actual concentration of
the audit gas used for the I-th audit check.

5.2.2 Accuracy for Reporting Organization.
5.2.2.1 For each audit concentration level

of a particular pollutant, the average (D) of
the individual percentage differences (di) for
all n analyzers audited during the quarter is
calculated using equation 8, as follows:

Equation 8
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1
5.2.2.2 For each concentration level of a

particular pollutant, the standard deviation
(Sa) of all the individual percentage dif-
ferences for all n analyzers audited during
the quarter is calculated, using equation 9,
as follows:

Equation 9
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5.2.2.3 For reporting organizations having
four or fewer analyzers for a particular pol-
lutant, only one audit is required each quar-
ter. For such reporting organizations, the
audit results of two consecutive quarters are
required to calculate an average and a stand-
ard deviation, using equations 8 and 9.
Therefore, the reporting of probability limits
shall be on a semiannual (instead of a quar-
terly) basis.

5.2.2.4 For each pollutant, the 95 Percent
Probability Limits for the accuracy of a re-
porting organization are calculated at each
audit concentration level using equations 6
and 7.

5.3 Precision of Manual Methods Excluding
PM2.5. Estimates of precision of manual
methods are calculated from the results ob-
tained from collocated samplers as described
in section 3.3 of this appendix. At the end of
each calendar quarter, an integrated preci-
sion probability interval for all collocated
samplers operating in the reporting organi-
zation is calculated for each manual method
network.

5.3.1 Single Sampler Precision.
5.3.1.1 At low concentrations, agreement

between the measurements of collocated
samplers, expressed as percent differences,
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may be relatively poor. For this reason, col-
located measurement pairs are selected for
use in the precision calculations only when
both measurements are above the following
limits:

(a) TSP: 20 µg/m3.
(b) SO2: 45 µg/m3.
(c) NO2: 30 µg/m3.
(d) Pb: 0.15 µg/m3.
(e) PM10: 20 µg/m3.
5.3.1.2 For each selected measurement pair,

the percent difference (di) is calculated,
using equation 10, as follows:

Equation 10

d
Y X

Y Xi
i i

i i

=
−

+( ) ×
/ 2

100

where:
Yi is the pollutant concentration measure-

ment obtained from the duplicate sampler;
and

Xi is the concentration measurement ob-
tained from the primary sampler des-
ignated for reporting air quality for the
site.

(a) For each site, the quarterly average
percent difference (dj) is calculated from
equation 2 and the standard deviation (Sj) is
calculated from equation 3, where n= the
number of selected measurement pairs at the
site.

5.3.2 Precision for Reporting Organization.
5.3.2.1 For each pollutant, the average per-

centage difference (D) and the pooled stand-
ard deviation (Sa) are calculated, using equa-
tions 4 and 5, or using equations 4a and 5a if
different numbers of paired measurements
are obtained at the collocated sites. For
these calculations, the k of equations 4, 4a, 5
and 5a is the number of collocated sites.

5.3.2.2 The 95 Percent Probability Limits
for the integrated precision for a reporting
organization are calculated using equations
11 and 12, as follows:

Equation 11

Upper 95 Percent Probability

     Limit = D +1.96 Sa

Equation 12

Lower 95 Percent Probability

    Limit = D -1.96 Sa

5.4 Accuracy of Manual Methods Excluding
PM2.5. Estimates of the accuracy of manual
methods are calculated from the results of
independent audits as described in section 3.4
of this appendix. At the end of each calendar
quarter, an integrated accuracy probability
interval is calculated for each manual meth-

od network operated by the reporting organi-
zation.

5.4.1 Particulate Matter Samplers other
than PM2.5 (including reference method Pb
samplers).

5.4.1.1 Single Sampler Accuracy. For the
flow rate audit described in section 3.4.1 of
this appendix, the percentage difference (di)
for each audit is calculated using equation 1,
where Xi represents the known flow rate and
Yi represents the flow rate indicated by the
sampler.

5.4.1.2 Accuracy for Reporting Organiza-
tion. For each type of particulate matter
measured (e.g., TSP/Pb), the average (D) of
the individual percent differences for all
similar particulate matter samplers audited
during the calendar quarter is calculated
using equation 8. The standard deviation (Sa)
of the percentage differences for all of the
similar particulate matter samplers audited
during the calendar quarter is calculated
using equation 9. The 95 Percent Probability
Limits for the integrated accuracy for the
reporting organization are calculated using
equations 6 and 7. For reporting organiza-
tions having four or fewer particulate matter
samplers of one type, only one audit is re-
quired each quarter, and the audit results of
two consecutive quarters are required to cal-
culate an average and a standard deviation.
In that case, probability limits shall be re-
ported semi-annually rather than quarterly.

5.4.2 Analytical Methods for SO2, NO2, and
Pb.

5.4.2.1 Single Analysis-Day Accuracy. For
each of the audits of the analytical methods
for SO2, NO2, and Pb described in sections
3.4.2, 3.4.3, and 3.4.4 of this appendix, the per-
centage difference (dj) at each concentration
level is calculated using equation 1, where Xj

represents the known value of the audit sam-
ple and Yj represents the value of SO2, NO2,
or Pb indicated by the analytical method.

5.4.2.2 Accuracy for Reporting Organiza-
tion. For each analytical method, the aver-
age (D) of the individual percent differences
at each concentration level for all audits
during the calendar quarter is calculated
using equation 8. The standard deviation (Sa)
of the percentage differences at each con-
centration level for all audits during the cal-
endar quarter is calculated using equation 9.
The 95 Percent Probability Limits for the ac-
curacy for the reporting organization are
calculated using equations 6 and 7.

5.5 Precision, Accuracy and Bias for Auto-
mated and Manual PM2.5 Methods.

(a) Reporting organizations are required to
report the data that will allow assessments
of the following individual quality control
checks and audits:

(1) Flow rate audit.
(2) Collocated samplers, where the dupli-

cate sampler is not an FRM device.
(3) Collocated samplers, where the dupli-

cate sampler is an FRM device.
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(4) FRM audits.
(b) EPA uses the reported results to derive

precision, accuracy and bias estimates ac-
cording to the following procedures.

5.5.1 Flow Rate Audits. The reporting orga-
nization shall report both the audit standard
flow rate and the flow rate indicated by the
sampling instrument. These results are used
by EPA to calculate flow rate accuracy and
bias estimates.

5.5.1.1 Accuracy of a Single Sampler - Sin-
gle Check (Quarterly) Basis (di). The percent-
age difference (di) for a single flow rate audit
di is calculated using equation 13, where Xi

represents the audit standard flow rate
(known) and Yi represents the indicated flow
rate, as follows:

Equation 13

d
Y X

Xi
i i

i

=
−

× 100

5.5.1.2 Bias of a Single Sampler - Annual
Basis (Dj). For an individual particulate sam-
pler j, the average (Dj) of the individual per-
centage differences (di) during the calendar
year is calculated using equation 14, where nj

is the number of individual percentage dif-
ferences produced for sampler j during the
calendar year, as follows:

Equation 14
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5.5.1.3 Bias for Each EPA Federal Ref-
erence and Equivalent Method Designation
Employed by Each Reporting Organization -
Quarterly Basis (Dk,q). For method designa-
tion k used by the reporting organization,
quarter q’s single sampler percentage dif-
ferences (di) are averaged using equation 16,
where nk,q is the number of individual per-
centage differences produced for method des-
ignation k in quarter q, as follows:

Equation 15
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5.5.1.4 Bias for Each Reporting Organiza-
tion - Quarterly Basis (Dq). For each report-
ing organization, quarter q’s single sampler
percentage differences (di) are averaged using
equation 16, to produce a single average for
each reporting organization, where nq is the
total number of single sampler percentage
differences for all federal reference or equiv-
alent methods of samplers in quarter q, as
follows:

Equation 16

D
n

dq
q

i
i

nq

= ×
=
∑1

1

5.5.1.5 Bias for Each EPA Federal Ref-
erence and Equivalent Method Designation
Employed by Each Reporting Organization -
Annual Basis (Dk). For method designation k
used by the reporting organization, the an-
nual average percentage difference, Dk, is de-
rived using equation 17, where Dk,q is the av-
erage reported for method designation k dur-
ing the qth quarter, and nk,q is the number of
the method designation k’s monitors that
were deployed during the qth quarter, as fol-
lows:

Equation 17

D

n D

n
k

k q k q
q

k q
q

=
( )

=

=

∑

∑
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,

1

4

1

4

5.5.1.6 Bias for Each Reporting Organiza-
tion - Annual Basis (D). For each reporting
organization, the annual average percentage
difference, D, is derived using equation 18,
where Dq is the average reported for the re-
porting organization during the qth quarter,
and nq is the total number monitors that
were deployed during the qth quarter. A sin-
gle annual average is produced for each re-
porting organization. Equation 18 follows:

Equation 18

D

n D

n

q q
q

q
q

=
( )

=

=

∑

∑
1

4

1

4

5.5.2 Collocated Samplers, Where the Du-
plicate Sampler is not an FRM Device. (a) At
low concentrations, agreement between the
measurements of collocated samplers may be
relatively poor. For this reason, collocated
measurement pairs are selected for use in
the precision calculations only when both
measurements are above the following lim-
its:

PM2.5 : 6 µg/m3

(b) Collocated sampler results are used to as-
sess measurement system precision. A collo-
cated sampler pair consists of a primary
sampler (used for routine monitoring) and a
duplicate sampler (used as a quality control
check). Quarterly precision estimates are
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calculated by EPA for each pair of collocated
samplers and for each method designation
employed by each reporting organization.
Annual precision estimates are calculated by
EPA for each primary sampler, for each EPA
Federal reference method and equivalent
method designation employed by each re-
porting organization, and nationally for each
EPA Federal reference method and equiva-
lent method designation.

5.5.2.1 Percent Difference for a Single
Check (di). The percentage difference, di, for
each check is calculated by EPA using equa-
tion 19, where Xi represents the concentra-
tion produced from the primary sampler and
Yi represents concentration reported for the
duplicate sampler, as follows:

Equation 19

d
Y X

Y Xi
i i

i i

=
−

+( ) ×
/ 2

100

5.5.2.2 Coefficient of Variation (CV) for a
Single Check (CVi). The coefficient of vari-
ation, CVi, for each check is calculated by
EPA by dividing the absolute value of the
percentage difference, di, by the square root
of two as shown in equation 20, as follows:

Equation 20

CV
d

i
i=
2

5.5.2.3 Precision of a Single Sampler -
Quarterly Basis (CVj,q).

(a) For particulate sampler j, the indi-
vidual coefficients of variation (CVj,q) during
the quarter are pooled using equation 21,
where nj,q is the number of pairs of measure-
ments from collocated samplers during the
quarter, as follows:

Equation 21

CV

CV

nj q

i
i

n

j q

j

,
,

= =
∑ 2

1

(b) The 90 percent confidence limits for the
single sampler’s CV are calculated by EPA
using equations 22 and 23, where X2 0.05,df and
X2 0.95,df are the 0.05 and 0.95 quantiles of the
chi-square (X2) distribution with nj,q degrees
of freedom, as follows:

Equation 22

Lower Confidence Limit = CV
n

j q
j q

n j,q

,
,

. ,χ 0 95
2

Equation 23

Upper Confidence Limit = CV
n

j q
j q

n j q

,
,

. , ,
χ 0 05

2

5.5.2.4 Precision of a Single Sampler - An-
nual Basis. For particulate sampler j, the in-
dividual coefficients of variation, CVi, pro-
duced during the calendar year are pooled
using equation 21, where nj is the number of
checks made during the calendar year. The
90 percent confidence limits for the single
sampler’s CV are calculated by EPA using
equations 22 and 23, where X2 0.05,df and X2

0.95,df are the 0.05 and 0.95 quantiles of the chi-
square (X2) distribution with nj degrees of
freedom.

5.5.2.5 Precision for Each EPA Federal Ref-
erence Method and Equivalent Method Des-
ignation Employed by Each Reporting Orga-
nization - Quarterly Basis (CVk,q).

(a) For each method designation k used by
the reporting organization, the quarter’s sin-
gle sampler coefficients of variation, CVj,qs,
obtained from equation 21, are pooled using
equation 24, where nk,q is the number of collo-
cated primary monitors for the designated
method (but not collocated with FRM sam-
plers) and nj,q is the number of degrees of
freedom associated with CVj,q, as follows:

Equation 24

CV

CV n

n
k q

j q j q
j

n

j q
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k q

k q,
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,

,

,
=

( )
=

=

∑

∑

2

1

1

(b) The number of method CVs produced
for a reporting organization will equal the
number of different method designations
having more than one primary monitor em-
ployed by the organization during the quar-
ter. (When exactly one monitor of a specified
designation is used by a reporting organiza-
tion, it will be collocated with an FRM sam-
pler.)

5.5.2.6 Precision for Each Method Designa-
tion Employed by Each Reporting Organiza-
tion - Annual Basis (CVk). For each method
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designation k used by the reporting organi-
zation, the quarterly estimated coefficients
of variation, CVk,q, are pooled using equation
25, where nk,q is the number of collocated pri-
mary monitors for the designated method
during the qth quarter and also the number
of degrees of freedom associated with the
quarter’s precision estimate for the method
designation, CVk,q, as follows:

Equation 25

CV

CV n

n
k

k q k q
q

k q
q
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∑
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,

2

1

4

1

4

5.5.3 Collocated Samplers, Where the Du-
plicate Sampler is an FRM Device. At low
concentrations, agreement between the
measurements of collocated samplers may be
relatively poor. For this reason, collocated
measurement pairs are selected for use in
the precision calculations only when both
measurements are above the following lim-
its: PM2.5: 6 µg/m3. These duplicate sampler
results are used to assess measurement sys-
tem bias. Quarterly bias estimates are cal-
culated by EPA for each primary sampler
and for each method designation employed
by each reporting organization. Annual pre-
cision estimates are calculated by EPA for
each primary monitor, for each method des-

ignation employed by each reporting organi-
zation, and nationally for each method des-
ignation.

5.5.3.1 Accuracy for a Single Check (d′i).
The percentage difference, d′i, for each check
is calculated by EPA using equation 26,
where Xi represents the concentration pro-
duced from the FRM sampler taken as the
true value and Yi represents concentration
reported for the primary sampler, as follows:

Equation 26

d
Y X

Xi
i i

i

' =
−

× 100%

5.5.3.2 Bias of a Single Sampler - Quarterly
Basis (D′j,q).

(a) For particulate sampler j, the average
of the individual percentage differences dur-
ing the quarter q is calculated by EPA using
equation 27, where nj,q is the number of
checks made for sampler j during the cal-
endar quarter, as follows:

Equation 27

D
n

dj q
j q

i

i

n j q

,
'

,

'
,

= ×
=
∑1

1

(b) The standard error, s′j,q, of sampler j’s
percentage differences for quarter q is cal-
culated using equation 28, as follows:

Equation 28
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(c) The 95 Percent Confidence Limits for
the single sampler’s bias are calculated
using equations 29 and 30 where t0.975,df is the
0.975 quantile of Student’s t distribution
with df = nj,q-1 degrees of freedom, as follows:

Equation 29

LowerConfidenceLimit = D t sj q df j q,
'

. , ,
'− ×0 975

Equation 30

Upper ConfidenceLimit = D t sj q df j q,
'

. , ,
'− ×0 975

5.5.3.3 Bias of a Single Sampler - Annual
Basis (D′j).

(a) For particulate sampler j, the mean
bias for the year is derived from the quar-

terly bias estimates, D′j,q, using equation 31,
where the variables are as defined for equa-
tions 27 and 28, as follows:

Equation 31

D

n D

n
j

j q j q
q

j q
q

'
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=

=

∑

∑
1

4

1

4

(b) The standard error of the above esti-
mate, sej′ is calculated using equation 32, as
follows:
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Equation 32
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(c) The 95 Percent Confidence Limits for
the single sampler’s bias are calculated
using equations 33 and 34, where t0.975,df is the
0.975 quantile of Student’s t distribution
with df = (nj,1 + nj,2 + nj,3 + nj,4¥4) degrees of
freedom, as follows:

Equation 33

LowerConfidenceLimit = D t sej df j
'

. ,
'− ×0 975

Equation 34

Upper Confidence Limit = − ×D t sej df j
'

. ,
'

0 975

5.5.3.4 Bias for a Single Reporting Organi-
zation (D′) - Annual Basis. The reporting or-
ganizations mean bias is calculated using
equation 35, where variables are as defined in
equations 31 and 32, as follows:

Equation 35

D
n

D
j

j
i

n j
' '= ×

=
∑1

1

5.5.4 FRM Audits. FRM Audits are per-
formed once per quarter for selected sam-
plers. The reporting organization reports
concentration data from the primary sam-
pler. Calculations for FRM Audits are simi-
lar to those for collocated samplers having
FRM samplers as duplicates. The calcula-
tions differ because only one check is per-
formed per quarter.

5.5.4.1 Accuracy for a Single Sampler,
Quarterly Basis (di). The percentage dif-
ference, di, for each check is calculated using
equation 26, where Xi represents the con-
centration produced from the FRM sampler
and Yi represents the concentration reported
for the primary sampler. For quarter q, the
bias estimate for sampler j is denoted Dj,q.

5.5.4.2 Bias of a Single Sampler - Annual
Basis (D′j). For particulate sampler j, the
mean bias for the year is derived from the
quarterly bias estimates, Dj,q, using equation
31, where nj,q equals 1 because one FRM audit
is performed per quarter.

5.5.4.3. Bias for a Single Reporting Organi-
zation - Annual Basis (D′). The reporting or-
ganizations mean bias is calculated using
equation 35, where variables are as defined in
equations 31 and 32.
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TABLE A–1 TO APPENDIX A—MINIMUM DATA ASSESSMENT REQUIREMENTS

Method Assessment Method Coverage Minimum Frequency Parameters Reported

Precision:
Automated Meth-

ods for SO2,
NO2, O3, and
CO

Response check at
concentration be-
tween .08 and .10
ppm (8 & 10 ppm for
CO) 2

Each analyzer Once per 2 weeks Actual concentration 2

and measured con-
centration 3

Manual Methods:
All methods ex-
cept PM2.5

Collocated samplers 1 site for 1–5 sites
2 sites for 6–20 sites
3 sites >20 sites (sites

with highest conc.)

Once every six days Particle mass con-
centration indicated
by sampler and by
collocated sampler

Accuracy:
Automated Meth-

ods for SO2,
NO2, O3, and
CO

Response check at
.03–.08 ppm1,2

.15–.20 ppm1,2

.35–.45 ppm1,2

80–.90 ppm1,2 (if appli-
cable)

1. Each analyzer
2. 25% of analyzers (at

least 1)

1. Once per year
2. Each calendar quar-

ter

Actual concentration 2

and measured (indi-
cated) concentration 3

for each level

Manual Methods
for SO2, and
NO2

Check of analytical pro-
cedure with audit
standard solutions

Analytical system Each day samples are
analyzed, at least
twice per quarter

Actual concentration
and measured (indi-
cated) concentration
for each audit solu-
tion

TSP, PM10 Check of sampler flow
rate

1. Each sampler
2. 25% of samplers (at

least 1)

1. Once per year
2. Each calendar quar-

ter

Actual flow rate and
flow rate indicated by
the sampler

Lead 1. Check of sample
flow rate as for TSP

1. Each sampler 1. Include with TSP 1. Same as for TSP

2. Check of analytical
system with Pb audit
strips

2. Analytical system 2. Each quarter 2. Actual concentration
and measured (indi-
cated) concentration
of audit samples (µg
Pb/strip)

PM2.5

Manual and Auto-
mated Methods-
Precision

Collocated samplers 25% of SLAMS (mon-
itors with Conc af-
fecting NAAQS viola-
tion status)

Once every six days 1. Particle mass con-
centration indicated
by sampler and by
collocated sampler

2. 24-hour value for
automated methods

Manual and Auto-
mated Methods-
Accuracy and
Bias

1. Check of sampler
flow rate

Every SLAMS monitor 1. Automated—once
every 2 weeks; Man-
ual—each calendar
quarter (4/year)

1. Actual flow rate and
flow rate indicated by
sampler
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TABLE A–1 TO APPENDIX A—MINIMUM DATA ASSESSMENT REQUIREMENTS—Continued

Method Assessment Method Coverage Minimum Frequency Parameters Reported

2. Audit with reference
method

2. Minimum 4 measure-
ments per year

2. Particle mass con-
centration indicated
by sampler and by
audit reference sam-
pler

1 Concentration times 100 for CO.
2 Effective concentration for open path analyzers.
3 Corrected concentration, if applicable, for open path analyzers.

TABLE A–2 TO APPENDIX A—SUMMARY OF PM2.5 COLLOCATION AND AUDITS PROCEDURES AS AN
EXAMPLE OF A TYPICAL REPORTING ORGANIZATION NEEDING 43 MONITORS, HAVING PROCURED
FRMS AND THREE OTHER EQUIVALENT METHOD TYPES

Method Designation Total # of Mon-
itors

Total # Collo-
cated

# of Collocated
FRMs

# of Collocated
Monitors of
Same Type

# of Independent
FRM Audits

FRM 25 6 6 n/a 6
Type A 10 3 2 1 3
Type C 2 1 1 0 1
Type D 6 2 1 1 2

[62 FR 38833, July 18, 1997; 63 FR 7714, 7715, Feb. 17, 1998]

APPENDIX B TO PART 58—QUALITY AS-
SURANCE REQUIREMENTS FOR PRE-
VENTION OF SIGNIFICANT DETERIORA-
TION (PSD) AIR MONITORING

1. General Information
This appendix specifies the minimum qual-

ity assurance requirements for the control
and assessment of the quality of the PSD
ambient air monitoring data submitted to
EPA by an organization operating a network
of PSD stations. Such organizations are en-
couraged to develop and maintain quality as-
surance programs more extensive than the
required minimum.

Quality assurance of air monitoring sys-
tems includes two distinct and important
interrelated functions. One function is the
control of the measurement process through
the implementation of policies, procedures,
and corrective actions. The other function is
the assessment of the quality of the moni-
toring data (the product of the measurement
process). In general, the greater the effort
and effectiveness of the control of a given
monitoring system, the better will be the re-
sulting quality of the monitoring data. The
results of data quality assessments indicate
whether the control efforts need to be in-
creased.

Documentation of the quality assessments
of the monitoring data is important to data
users, who can then consider the impact of
the data quality in specific applications (see
Reference 1). Accordingly, assessments of
PSD monitoring data quality are required to
be made and reported periodically by the
monitoring organization.

To provide national uniformity in the as-
sessment and reporting of data quality
among all PSD networks, specific assess-
ment and reporting procedures are pre-
scribed in detail in sections 3, 4, 5, and 6 of
this appendix.

In contrast, the control function encom-
passes a variety of policies, procedures, spec-
ifications, standards, and corrective meas-
ures which affect the quality of the resulting
data. The selection and extent of the quality
control activities—as well as additional
quality assessment activities—used by a
monitoring organization depend on a number
of local factors such as the field and labora-
tory conditions, the objectives of the moni-
toring, the level of the data quality needed,
the expertise of assigned personnel, the cost
of control procedures, pollutant concentra-
tion levels, etc. Therefore, the quality assur-
ance requirements, in section 2 of this appen-
dix, are specified in general terms to allow
each organization to develop a quality con-
trol system that is most efficient and effec-
tive for its own circumstances.

For purposes of this appendix, ‘‘organiza-
tion’’ is defined as a source owner/operator, a
government agency, or their contractor that
operates an ambient air pollution moni-
toring network for PSD purposes.
2. Quality Assurance Requirements

2.1 Each organization must develop and im-
plement a quality assurance program con-
sisting of policies, procedures, specifications,
standards and documentation necessary to:

(1) Provide data of adequate quality to
meet monitoring objectives and quality as-
surance requirements of the permit-granting
authority, and
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